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Overview 


¢ CATS Mode 2 Aerosol Typing Algorithm 

¢ Case Studies 

¢ Known Issues, Challenges and Current 
Efforts 

¢ CATS Mode 1 Aerosol Typing Algorithm 


¢ Future Plans 
¢ Getting CATS Data 
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derive extinction products from observed backscatter. 

¢ For standard backscatter lidars like CATS, lidar ratios are 
assigned for aerosol types. 


The CATS feature detection 2. Aerosol features are discriminated from 
eltelelancalannilecsal lore) <incolm ecto] lolaiskeli cloud features using layer integrated total 
Pralarlaractomeyaccialericcvomcerclaccialare attenuated backscatter, integrated 

ratios (observed to molecular) depolarization ratio, temperature, thickness, 
within a 5 km averaged profile. and color ratio (Mode 1 only). 


Molecular vs CATS Profiles (1064nrmn)} 
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Cal(VO) = —-3,3135E+08 

Cal(¥1) = 2.819 7E+08 
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CATS Mode 2 Aerosol 
Typing Overview Mode 2: Laser 2 


¢ Backscatter and Depolarization Ratio aac tae oral 
Depolarization: 1064 nm 

lan Oloy- alan L2 Products: 1064 nm 

Backscatter at 532 nm is very noisy 
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For our version 1 Mode 2 aerosol 
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Dust 
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Dust Mixture | 
Clean/Background — “gf 


Polluted Continental 


Smoke Semi-continuous operation: 
Volcanic Sulfate 25 Mar. 2015 — Present 


CATS Mode 2 Aerosol 
iWe)iate Overview Mode 2: Laser 2 


¢ Backscatter and Depolarization Ratio Backscatter: 532, 1064 nm 
Depolarization: 1064 nm 


lan Oloy- alan L2 Products: 1064 nm 
Backscatter at 532 nm is very noisy 
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For our version 1 Mode 2 aerosol 
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Aerosol Type 1064 nm Lidar Ratio 


Marine 45 

Dust 55 

Dust Mixture 45 
Clean/Background 85 
Polluted Continental 35 
Smoke 40 
Volcanic Sulfate 35 
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Aerosol Typing 
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Inputs: 


Feature Integrated 
Depolarization Ratio 
HL lor-mavaai (OMe Taya) 
averaged to 5 km 
horizontally 

Feature Integrated 
Total Attenuated 
Backscatter at 1064 
nm (y'1944) averaged 
to 5 km horizontally 
Surface Type (for 
aarclaialaat=) 

Feature Altitude 
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Case Study: Saharan Dust 


CATS 1064 nm Total Attenuated Backscatter, km’ sr' UTC: 2016-06-14 20:20:34.3 to 2016-06-14 20:34:25.7 Version: 2.07 FFOV Nighttime 


CATS 1064 nm Depolarization Ratio UTC: 2016-06-14 20:20:34.3 to 2016-06-14 20:34:25.7 Version: 2.07 FFOV Nighttime 


CATS UTC: 2016-06-14 20-20-34 Version: 2.07 Nighttime 
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Case Study: Saharan Dust 


CATS 1064 nm Total Attenuated Backscatter, km" sr' UTC: 2016-06-14 20:20:34.3 to 2016-06-14 20:34:25.7 Version: 2.07 FFOV Nighttime 
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CATS Aerosol Type UTC: 2016-06-14 20:20:34.3 to 2016-06-14 20:34:25.7 Version: 1.04 FFOV Operational Algorithm 


Altitude, km 


T T T T T T T 
Lat 42.07 38.10 33.75 29.10 24.22 19.17 14.00 8.75 3.48 
Lon 4.16 2.54 8.47 13.77 18.57 22.97 27.09 31.01 34.78 


N/A = not applicable 1=marine 2=marine mixture 3=dust 4=dustmixture 5-=clean/background 6 = polluted continental 7=smoke 8 = volcanic 


Altitude, km 


Lat 42.07 
Lon -4.16 


Case Study: Smoke over South America 


CATS 1064 nm Total Attenuated Backscatter, km’ sr' UTC: 2015-09-23 23:06:39.5 to 2015-09-23 23:20:30.9 Version: 2.07 FFOV Nighttime 
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CATS 1064 nm Depolarization Ratio UTC: 2015-09-23 23:06:39.5 to 2015-09-23 23:20:30.9 Version: 2.07 FFOV Nighttime 


Lon -72.86 


07 Nighttime 


Case Study: Smoke over South evale 


CATS 1064 nm Total Attenuated Backscatter, km" sf UTC: 2015-09-23 23:06:39.5 to 2015-09-23 23:20:30.9 Version: 2.07 FFOV Nighttime 
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CATS Aerosol Type UTC: 2015-09-23 23:06:39.5 to 2015-09-23 23:20:30.9 Version: 1.04 FFOV Operational Algorithm 
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T T T T T T T 1 bg 
Lat -35.80 -31.28 -26.51 -21.54 -16.43 “11.22 -5.94 -0.63 4.66 
Lon -72.86 -67.27 ~62.26 -57.68 -53.44 ~49.44 ~45.59 ~41.83 -38.09 
N/A = not applicable 1=marine 2= marine mixture 3=dust 4=dustmixture 5=clean/background 6 = pollutedcontinental 7= smoke 8 = volcanic 


Altitude, km 


Case Study: Calbuco Eruption 


CATS 1064 nm Total Attenuated Backscatter, km" sr’ UTC: 2015-04-27 00:52:00.3 to 2015-04-27 01:05:51.7 Version: 2.07 FFOV Nighttime 
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CATS 1064 nm Depolarization Ratio UTC: 2015-04-27 00:52:00.3 to 2015-04-27 01:05:51.7 Version: 2.07 FFOV Nighttime 


Lon -57.25 


CATS UTC: 2015-04-27 00-38-08 Version: 2.07 Nighttime 
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CATS 1064 nm Total Attenuated Backscatter, km" sf! UTC: 2015-04-27 00:52:00.3 to 2015-04-27 01:05:51.7 Version: 2.07 FFOV Nighttime 


CATS Aerosol Type UTC: 2015-04-27 00:52:00.3 to 2015-04-27 01:05:51.7 Version: 1.04 FFOV Operational Algorithm 


Altitude, km 
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T T T T T T 
Lat -13.46 -18.64 -23.70 -33.27 -37.65 -41.66 -45.18 -48.06 
Lon -57.25 -53.16 ~48.79 -38.80 -32.94 -26.34 -18.88 -10.53 


N/A = not applicable 1=marine 2 = marine mixture 4=dust mixture 5-=clean/background’§ 6 = polluted continental 7=smoke 8 = volcanic 


Altitude, km 


Lat -13.46 
Lon -57.25 


MARINE DUST DUST CLEAN POLLUTED SMOKE VOLCANIC 
MIXTURE CONT. 


MARINE DUST DUST CLEAN POLLUTED SMOKE VOLCANIC 
MIXTURE CONT. 
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MARINE DUST DUST CLEAN POLLUTED SMOKE VOLCANIC 
MIXTURE CONT. 


Known Issues: High Frequency of Dust Layers 


CATS 1064 nm Total Attenuated Backscatter, km’ sr' UTC: 2015-09-01 02:57:24.5 to 2015-09-01 03:11:15.9 Version: 2.07 FFOV Nighttime 
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CATS 1064 nm Depolarization Ratio UTC: 2015-09-01 02:57:24.5 to 2015-09-01 03:11:15.9 Version: 2.07 FFOV Nighttime 


jersion: 2.07 Nighttime 


Known Issue igh Frequency of Dust Layer 


CATS 1064 nm Total Attenuated Backscatter, km" sr’ UTC: 2015-09-01 02:57:24.5 to 2015-09-01 03:11:15.9 Version: 2.07 FFOV Nighttime 


CATS Aerosol Type UTC: 2015-09-01 02:57:24.5 to 2015-09-01 03:11:16.0 Version: 1.04 FFOV Operational Algorithm 
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T T 14 T T T T 
Lat -16.81 -21.94 -26.87 -31.62 -36.10 -40.24 -43.94 ~47.05 
Lon -126.06 -121.8Q -117.20 “112.15 -106.54 -100.23 -93.10 ~85.11 
5 =clean/background 6 = polluted continental 7=smoke 8 = volcanic 


N/A = not applicable 1=marine 2= marine mixture 3=dust 4 = dust mixture 


Currently refining feature 
finding and cloud — aerosol 
discrimination algorithms for 
cloudy/marine environments. 
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Lat -11.59 
Lon -130.09 
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Altitude, km 


CATS Aerosol Type UTC: 2016-04-18 21:24:22.4 to 2016-04-18 21:38:15.5 Version: 1.04 FFOV Operational Algorithm 


Altitude, km 
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t T T T T T T 
Lat 40.05 35.86 31.34 26.56 21.49 16.38 11.16 
Lon -36,03 29.74 24.16 19.14 14.49 10.25 6.25 "2.42 


N/A = not applicable 1=marine 2=marine mixture 3=dust 4=dustmixture 5-=clean/background 6=pollutedcontinental 7=smoke 8 = volcanic 


Known Issues: Polluted Continental vs. Smoke Typing 


an DY hii-1e-aler- 1a(ela eX-14N-1-1ams ee) | [Uix-Yemexelahiial-lair-1m-lalem-iaslo)<- may el— 
depends only on layer thickness and layer base altitude 
¢ Can also lead to “striping” due to set thresholds in algorithm 
¢ Plan to utilize simulated aerosols from the NASA GEOS — 5 
PN GTO Kom al-1] oMell-110' a alelaieemel-1ele)(-1a74lalem-[-10e)-1e] Ay] oxy 
¢ Aerosol Climatology (ex. MERRA2) 
¢ 1-D Var Assimilation (in development) 
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Experimental CATS - GEOS-5 Aerosols 
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CATS 1064 Attenuated Total Backscatter [km sr“] 
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CATS 1064 Depolarization Ratio 


LAT/LON  41.4/-97.2 41.0/-96.4 40.5/-95.5 40.0/-94.7 39.5/-93.8 


Altitude [km] 


SaintJosepn 


LAT/LON  41.4/-97.2 41.0/-96.4 40.5/-95.5 40.0/-94.7 39.5/-93.8 39.0/-93.0 
Topeka 
Kansas 
City 
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CATS Depolarization Ratio Frequency 


30. Depolarization <0.1 
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0.000 0.117 0.233 0.350 0.467 0.583 0.700 
Depolarization 


Courtesy of N. Midzak 
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CATS Mode 1 Overview 


¢ Backscatter and Depolarization Ratio at 
532 nm and 1064 nm 

¢ 2 different fields of view (left + right) 
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aerosol typing 


Marine 
Polluted Marine 
Dust 
Dust Mixture 
Clean/Background 


Polluted 
Continental 


Smoke 


Volcanic 


Mode 1: Multi-Beam 


Backscatter: 532, 1064 nm 
Depolarization: 532, 1064 nm 
L2 Products: 532, 1064 nm 
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CATS Mode 1 
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Inputs: 


Feature Integrated 
Depolarization Ratio 
HL lor-mavaai (OMe Taya) 
averaged to 5 km 
horizontally 

Feature Integrated 


Total Attenuated 
Backscatter at 1064 
nm (y'1044) averaged 
to 5 km horizontally 
Surface Type (for 
aarclanalaat=) 

Feature Altitude 
Feature Integrated 
Spectral 
Depolarization Ratio 
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¢ 1B data released later this summer 
¢ L2 data released shortly after 
¢ Identity algorithm biases (ex. striping, FOV biases) 
¢ Mode 2: 
¢ Processed & Released 
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Version 2 Aerosol Typing (Fall, 2016): 


¢ Implementation of version 1 modifications 
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¢ Implementation of 1-D Var Assimilation into GEOS-5 
¢ “Dynamic” lidar ratio that will evolve in conjunction with 
simulated aerosol mixtures 


Contacts: 


mil=1(em@r-Tanley-llelamele Oli John Yorks — john.e.yorks@nasa.gov 
[Nett EN APOC Ed Nowottnick — edward.p.nowottnick@nasa.gov 


CATS 1064nm ATB 2016-05-25T 13-41-06T 14-25-33UTC 
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Getting CATS Data: 


https://cats.gsfc.nasa.gov 


Cloud-Aerosol Transport System (CATS) Home Projecty  Sciencex Contact 
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CATS 


The Cloud-Aerosol Transport System (CATS), launched in January of 2015, is a 
lidar remote sensing instrument that will provide range-resolved profile 
measurements of atmospheric aerosols and clouds from the International 
Space Station (ISS). CATS is intended to operate on-orbit for at least six 
months, and up to three years. 


Image of the Week CATS Brochure [PDF] 


Getting CATS Data: 


https://cats.gsfc.nasa.gov 
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Availability 
2016 
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_ 
CATS data users, please note the instrument modes and data versions below: 
e Mode 77: data from 10 Feb. through 21 March 2015, version 2-04 (V2.06 will be released shortly) 
e Mode 72: data from 25 Mar. 2015 through present, version 2-06 
ST IF 


Lidar Level 2 Operation Layer DP 


Lidar Level 2 Operation Profile DP 
Lidar Level 1B 
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Getting CATS Data: 


Atmospheric au ocessing, archiving ahd : /Earth science data 


Science ” fea atthe NASA Langley Research Center 
Data Center (oe ie ee ome 
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» CATS Data and Information Page 


Cloud-Aerosol Transport System (CATS) 
Data and Information 


The Cloud-Aerosol Transport System ( ®), is a lidar remote sensing instrument that will provide range-resolved profile measurements of 
atmospheric aerosols and clouds from the International Space Station (ISS). 


CATS will provide vertical profiles at three wavelengths, orbiting between ~230 and ~270 miles above the Earth's surface at a 51-degree inclination with nearly a 
three-day repeat cycle. For the first time, it will allow scientist to study diurnal (day-to-night) changes in cloud and aerosol effects from space by observing the same 
spot on Earth at different times each day. 


Products Parameters 


Product Level Description 


L1B files that are run through the new operational CATS L2 algorithm, which will include new capabilities. 
Level 2 Includes geophysical parameters, such as the vertical feature mask, profiles of cloud and aerosol properties 
and layer-integrated parameters. 


Level 1B L1A data that have been calibrated, annotated with ancillary meteorological data, and processed to sensor units. 


